WHAT IS CLAIMED IS: 

1. A tire design method comprising the steps of: 

(a) determining a conversion system in which a non-linear 
correspondence between design parameters of a tire, which 
represent any one of a cross-sectional configuration of the tire 
including an internal structure and a structure of the tire, and 
performances of the tire is established; 

(b) determining an objective function which expresses 
said performances of the tire and setting a constraint condition 
which constrains an allowable range of at least one of said 
performances of the tire and manufacturing conditions of the tire; 
and 

(c) determining a design parameter of the tire, which gives 
an optimum value of an objective function, based on said 
objective function and said constraint condition by using the 
conversion system determined in said step (a) to design the tire 
based on the design parameter of the tire. 

2. A tire design method according to claim 1, wherein said 

step (c) comprises the steps of: defining the design parameter of 
the tire as a design variable; obtaining a value of the design 
variable, which gives the optimum value of the objective function, 
by using the conversion system determined in said step (a) while 
considering the constraint condition; and designing the tire 



75 



based on the design variable which gives the optimum value of 
the objective function. 

3. A tire design method according to claim 2, wherein said 

step (c) comprises: predicting an amount of change in the design 
variable which gives the optimum value of the objective function 
while considering the constraint condition based on a sensitivity 
of the objective function which is a ratio of an amount of change 
in the objective function to a unit amount of change in the design 
variable and a sensitivity of the constraint condition which is a 
ratio of an amount of change in the constraint condition to a unit 
amount of change in the design variable; calculating a value of 
the objective function when the design variable is changed to 
correspond to a predicted amount and a value of the constraint 
condition when the design variable is changed to correspond to a 
predicted amount; and based on the predicted and calculated 
values, obtaining a value of the design variable, which gives the 
optimum value of the objective function, by using the conversion 
system determined in said step (a) while considering the 
constraint condition. 

4. A tire design method according to claim 1, wherein said 

step (c) comprises the steps of: (d) selecting, as a design variable, 
one of the design parameters of the tire included in the 
conversion system determined in said step (a); (e) changing a 
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value of the design variable selected in the conversion system 
determined in said step (a) until the optimum value of the 
objective function is given by using the conversion system 
determined in said step (a) while considering the constraint 
condition; and (f) designing the tire based on the design 
parameter of the tire obtained by the design variable which gives 
the optimum value of the objective function. 

5. A tire design method according to claim 4, wherein said 
step (b) comprises the step of determining a constraint condition 
which constrains an allowable range of at least one of tire 
performances other than said determined objective function and 
the design parameters of the tire. 

6. A tire design method according to claim 4 -or 5^ wherein 
said step (e) comprises: predicting an amount of change in the 
design variable which gives the optimum value of the objective 
function while considering the constraint condition based on a 
sensitivity of the objective function which is a ratio of an amount 
of change in the objective function to a unit amount of change in 
the design variable and a sensitivity of the constraint condition 
which is a ratio of an amount of change in the constraint 
condition to a unit amount of change in the design variable; 
calculating a value of the objective function when the design 
variable is changed to correspond to a predicted amount and a 
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value of the constraint condition when the design variable is 
changed to correspond to a predicted amount; and based on the 
predicted and calculated values, changing a value of the design 
variable to be selected until the optimum value of the objective 
function is given by using the conversion system determined in 
said step (a) while considering the constraint condition. 

7. A tire design method according to claim 1, wherein said 

step (c) comprises the steps of: defining the design parameters of 
the tire in the conversion system determined in said step (a) as 
base models to determine a group for selection comprising a 
plurality of base models; determining said objective function, a 
design variable, a constraint condition and an adaptive function 
which can be evaluated from the objective function for each base 
model of the group for selection; selecting two base models from 
the groups for selection; effecting at least one of producing new 
base models by intersecting the design variables of the two base 
models at a predetermined probability with each other and 
producing new base models by modifying in part the design 
variables of at least one of the two base models; obtaining an 
objective function, a constraint condition, and an adaptive 
function of the base models using the conversion system 
determined in said step (a) by changing the design variable; 
storing the base models whose design variables have been 
changed and base models whose design variables have not been 
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changed; repeating the storing step until the number of the 
stored base models reaches a predetermined number; 
determining whether a new group comprising the stored base 
models of the predetermined number satisfies a predetermined 
convergence condition; wherein if not, the above steps are 
repeated until with the new group defined as the group for 
selection the group for selection defined satisfies the 
predetermined convergence condition; and if the predetermined 
convergence condition is satisfied, designing a tire based on the 
design parameters of the tire obtained by the design variable, 
which gives the optimum value of the objective function, among 
the predetermined number of the stored base models by using the 
conversion system determined in said step (a) while considering 
the constraint condition. 

8. A tire design method according to any nn*> nf ri^iDs 1 trk y r 
wherein in said step (a), said conversion system is* constructed 
with data in a multi-layered feed forward type neural network 
which has learned so as to convert the design parameters of the 
tire to performances thereof. 

9. A tire which is formed according to design parameters 
designed by a tire design method according to a ny one o f c laims i 
4*T8. 
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10. An optimization analyzing apparatus comprising: 
conversion system calculating means for obtaining a 

non-linear corresponding relation between design parameters of 
a tire and performances of the tire; 

input means for inputting an objective function and a 
constraint condition as optimization items by determining the 
objective function which expresses the performances of the tire 
and also by determining the constraint condition which 
constrains an allowable range of at least one of the performances 
of the tire and manufacturing conditions of the tire; and 

optimization calculation means for obtaining a design 
parameter of the tire which gives an optimum value of the 
objective function based on the optimization items inputted by 
said input means using said conversion system calculation 
means. 

11. An optimization analyzing apparatus according to claim 
10, wherein said conversion system calculation means is 
provided to obtain a non-linear corresponding relation between, 
on the one hand, the design parameters of the tire and a condition 
to be applied to the tire, and on the other hand, the performances 
of the tire. 

12. An optimization analyzing apparatus according to claim 
10 or 1-4% wherein said optimization calculation means comprises: 
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selection means which selects one of the design parameters of the 
tire included in said conversion system calculation means as a 
design variable; changing means for changing a value of the 
design variable selected from said conversion system calculation 
means until the optimum value of the objective function is given, 
while considering the constraint condition; optimum value 
calculation means for calculating a value of the design variable 
until the optimum value of the objective function is given by using 
said conversion system calculation means; and design means for 
designing a tire based on the design parameter obtained by the 
design variable which gives the optimum value of the objective 
function. 

13. An optimization analyzing apparatus according to claim 
10 or 11 , wherein said optimization calculation means comprises 
the steps of: defining the design parameters of the tire in the 
corresponding relation determined in said conversion system 
calculation means as base models to determine a group for 
selection composed of a plurality of base models; determining 
said objective function, a design variable, a constraint condition, 
and an adaptive function which can be evaluated from the 
objective function for each base model in the group for selection; 
selecting two base models from the group for selection; effecting 
at least one of producing new base models by intersecting the 
design variables of the selected two base models at a 
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predetermined probability with each other and producing new 
base models by modifying in part the design variables of at least 
one of the two base models; obtaining an objective function, a 
constraint condition, and an adaptive function of the base models 
which have been produced using said conversion system 
calculation means by changing a design variable; storing the base 
model whose design variables have been changed and a base 
model whose design variables have not been changed; repeating 
the storing step until the number of the stored base models 
reaches a predetermined number; determining whether a new 
group comprising stored base models of the predetermined 
number satisfy a predetermined convergence condition; wherein 
if not, the new group is defined as the group for selection and the 
above steps are repeated until the group for selection defined 
satisfies the predetermined convergence condition; and if the 
predetermined convergence condition is satisfied, designing a 
tire based on a design parameter of the tire obtained by the design 
variable, which gives the optimum value of the objective function, 
among the predetermined number of the stored base models by 
using said conversion system calculation means while 
considering the constraint condition. 

14. An optimization analyzing apparatus according to 
e*re of Clahilii 10 to 13, wherein said conversion system 
calculation means is a multi-layered feed forward type neural 

82 



network which has learned so as to convert the design 
parameters of the tire to the performances thereof. 



15. A recording medium having a recorded optimization 
analyzing program for design of a tire executed by a computer, 

terein the optimization analyzing program is provided to: 
determine a non-linear corresponding relation iDetween design 
parameters of a tire and performances of thjg tire; determine an 
objective function which expresses the performances of the tire 
and determine axonstraint condition which constrains an 
allowable range of at\east one of the^performances of the tire and 
manufacturing conditions of the/tire; and obtain a design 



parameter of the tire, which gives an optimum value of the 
objective function, based ori/the determined corresponding 
relation, the objective function, and the constraint condition to 
design a tire based on the design parameter of the tire. 



16. 




A recording medium having a recorded optimization 
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analyzing program for design of a tire according to claim 15, 
wherein the design of a tire based on the design^parameters of the 
tire comprises: selecting, as a design variable, oke of the design 
parameters of the tire included in the determined corresponding 
relation based on the determined corresponding relation, the 
objective function, and the constraint condition; changing a value 
of/the design variable selected from the determined 
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network which has learned so as to convert the design 
parameters of the tire to the performances thereof. 

15. A storage medium having a stored optimization 
analyzing program for design of a tire executed by a computer, 
wherein the optimization analyzing program is provided to: 
determine a non-linear corresponding relation between design 
parameters of a tire and performances of the tire; determine an 
objective function which expresses the performances of the tire 
and determine a constraint condition which constrains an 
allowable range of at least one of the performances of the tire and 
manufacturing conditions of the tire; and obtain a design 
parameter of the tire, which gives an optimum value of the 
objective function, based on the determined corresponding 
relation, the objective function, and the constraint condition to 
design a tire based on the design parameter of the tire. 

16. A storage medium having a stored optimization 
analyzing program for design of a tire according to claim 15, 
wherein the design of a tire based on the design parameters of the 
tire comprises: selecting, as a design variable, one of the design 
parameters of the tire included in the determined corresponding 
relation based on the determined corresponding relation, the 
objective function, and the constraint condition; changing a value 
of the design variable selected from the determined 
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corresponding relation until the optimum value of the objective 
function is given while considering the constraint condition; and 
designing the tire based on the design parameter of the tire 
obtained by the design variable which gives the optimum value of 
the objective function. 



analyzing program for design of a tire according to claim 16, 
wherein the constraint condition constrains an allowable range of 
at least one of the performances of the tire other than the 
determined objective function and the design parameters of the 
tire. 



analyzing program for design of a tire according to claim 16 orJJZ, 
wherein the change of the design variable is effected by: 
predicting an amount of change in the design variable which gives 
the optimum value of the objective function while considering the 
constraint condition based on a sensitivity of the objective 
function which is a ratio of an amount of change in the objective 
function to a unit amount of change in the design variable and a 
sensitivity of the constraint condition which is a ratio of an 
amount of change in the constraint condition to a unit amount of 
change in the design variable; calculating a value of the objective 
function when the design variable is changed to correspond to a 
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A recording - m edium having a recorded optimization 
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A recording m edium having a recorded optimization 




corresponding relation until the optimum value of the objective 
function is given while considering the constraint condition; and 
designing the tire based on the design parameter of the tire 
obtained by the design variable which gives the optimum value of 
the objective function. 

17. A storage medium having a stored optimization 
nalyzing program for design of a tire according to claim 16, 

wherein the constraint condition constrains an allowable range of 
at least one^of the performances of the tire other than the 
determined objective function and the design parameters of the 
tire. 

18. A storage mediumJiaving a stored optimization 
analyzing program for desigrvof a tire according to claim 16 or 17, 
wherein the change of the design\yariable is effected by: 



predicting an amount ofc^L-ange in tne design variable which gives 
the optimum value of the objective function while considering the 
constraint condition based on a sensitivity of the objective 

/ \ 

function whichr is a ratio of an amount of change in the objective 

\ 

function tcr a unit amount of change in the design variable and a 
sensitivity of the constraint condition which is a ratio of an 

/ \ 

Znt of change in the constraint condition to a unit amount of 
je in the design variable; calculating a value of the objective 
function when the design variable is changed to correspond to a 
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predicted amount and a value of the constraint condition when 
the design variable is changed to correspond to a predicted 
amount; and changing a value of the design variable to be 
selected based on the predicted and calculated values until the 
optimum value of the objective function is given while considering 
the constraint condition. 




19. A storage medium having a stored optimization 
malyzing program for design of a tire according to any 
claiias 16 to 18, wherein the design of a tire basedxfn the design 
paramete^M^the tire comprises: defining^th^design parameters 
of the tire in the^ctetermined corresponding relation as base 
models to determin^^>group for selection composed of a plurality 
of base models; determine said objective function, a design 
variable, a constraint g^ndition, aa\d an adaptive function which 
can be evaluated fr6m the objective function for each base model 
in the group fdr selection; selecting two base rqodels from the 
groups for selection; effecting at least one of producing new base 
models by intersecting the design variables of the selected two 
fase models at a predetermined probability with each other^ajid 
producing new base models by modifying in part the design 
variables of at least one of the two base models; obtaining an 
objective function, a constraint condition, and an adaptive 
function of the base model using said conversion system 
calculation means by changing design variables; storing the base 
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predicted amount and a value of the constraint condition when 
the design variable is changed to correspond to a predicted 
amount; and changing a value of the design variable to be 
selected based on the predicted and calculated values until the 



analyzing program for design of a tire according to any one Of 
claims 16 to 1 - 6 , wherein the design of a tire based on the design 
parameter of the tire comprises: defining the design parameters 
of the tire in the determined corresponding relation as base 
models to determine a group for selection composed of a plurality 
of base models; determine said objective function, a design 
variable, a constraint condition, and an adaptive function which 
can be evaluated from the objective function for each base model 
in the group for selection; selecting two base models from the 
groups for selection; effecting at least one of producing new base 
models by intersecting the design variables of the selected two 
base models at a predetermined probability with each other, and 
producing new base models by modifying in part the design 
variables of at least one of the two base models; obtaining an 
objective function, a constraint condition, and an adaptive 
function of the base model using said conversion system 
calculation means by changing design variables; storing the base 



optimum value of the objective function is given while considering 



the constraint condition. 
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A r e cordi n g medium having a recorded optimization 
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model whose design variables have been changed and a base 
model whose design variables have not been changed; repeating 
the storing step until the number of the stored base models 
reaches a predetermined number; determine whether a new 
group comprising the stored base models of the predetermined 
number satisfies a predetermined convergence condition; 
wherein if not, the new group is defined as the group for selection 
and the above steps are repeated until the group for selection 
defined satisfies the predetermined convergence condition; and if 
the predetermined convergence condition is satisfied, designing a 
tire based on the design parameter of the tire obtained by the 
design variable, which gives the optimum value of the objective 
function, among the predetermined number of the stored base 
models by using the corresponding relation while considering the 
constraint condition. 
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